1 3 2013). In addition to the delayed attention received by science, the relatively low economic value of stingless bees as honey-and wax-producers, the often difficult access to their natural habitats, and the failure to maintain their colonies outside of the tropics, have all contributed to a scientific recognition that does not meet their relevance and interest. Most importantly, the vast and rapidly growing body of both detailed and broad knowledge of the honey bees (particularly Apis mellifera) (Fig. 3 ) has often raised unjustified doubts about the relevance of investigating "just another group of eusocial bees".
So, why shall we study stingless bees? First, we need to get rid of the concept that stingless bees are nothing more than honey bees without a sting (or, as a matter of fact, with a vestigial and not functional sting; von Ihering 1886) and, therefore, essentially show the same physiological characteristics and behaviors. In fact, the divergent evolution of the Meliponini and the Apini for more than 100 million years since the late Cretaceous (Cardinal et al. 2010 ) resulted in two very distinct bee groups. Both the stingless bees and the honey bees are classified as highly eusocial (colonies with adults of two generations, castes and division of labor, cooperative work on brood cells, permanent colonies; Michener 1974) . Whereas the modern Apini constitute a small and morphologically, physiologically, and behaviorally uniform group (Michener 2007) , the Meliponini evolved into a highly diverse tribe. This applies to their body size (ranging from species smaller than fruit flies to species larger than honey bees), colony size (number of individuals ranging from a few dozens to several thousands), nesting biology (subterranean nests; non-arboreal or arboreal cavities; association with termites, ants or wasps; exposed nests), brood cell-arrangement (horizontal or, rarely, vertical combs; irregular clusters), queen production (few queens in special brood cells; multiple queens in unspecialized cells), foraging strategy (solitary foraging; foraging in small or large groups; aggressive or unaggressive group foraging) and underlying recruitment mechanism (vibratory activation of nestmates; goaldirected guidance of nestmates through pheromones), and other still little explored traits (Michener 1974; Sakagami 1982; Johnson 1983; Wille 1983; Engels and ImperatrizFonseca 1990; Roubik 2006; Barth et al. 2008 ). This rich diversity may be the result of accelerated speciation rates in the tropics owing to higher mutation rates, and/or faster physiological processes at higher ambient temperatures (Currie et al. 2004) . Moreover, the co-occurrence of several dozen of social bee species and their competition over common resources (food, nesting space, etc.) is believed to have resulted in the segregation of ecological niches and the obvious diversification of adaptive strategies (Roubik 1989; Biesmeijer and Slaa 2006) .
Due to the diversity of their evolutionary responses to specific ecological challenges, the Meliponini are well suited for comparative studies of the various adaptations to the environment found in highly eusocial bees. Of particular interest in this context are the physiological mechanisms underlying the sophisticated cooperative and collective actions of entire colonies, which form the basis of the ecological success of the different bee species under the particular conditions prevailing in their respective environ- The first part of the present Special Issue is dedicated to (1) "The sensory bases for foraging". It compiles information about visual and olfactory mechanisms which enable Neotropical and Australian Meliponini to cope with the sensory challenges in different foraging environments. When searching for food, visual cues are important for foragers to detect flowers from a distance. Here, color preferences (both innate and modulated through previous experience), visual acuity, spatial resolution, and light sensitivity of the bees' eyes are key physiological characteristics to identify flower patches in complex visual habitats, such as tropical rainforests (Dyer et al. 2016a, b; Koethe et al. 2016; Streinzer et al. 2016 ). Once at the food source, foragers need to decide which flowers to visit and which to avoid. Footprints, left by previous visitors, are important chemical cues in this context because they indicate whether or not a flower still provides the desired resource. The bees' reaction to these scent marks (attraction, avoidance) is not innate; rather, foragers quickly learn their actual meaning in each new foraging context (Roselino et al. 2016) . A recently increasing anthropogenic menace concerning the sensorial and cognitive capacities of foraging bees is the indiscriminate use of agrochemicals. Exposure to sublethal doses of pesticides, for example, compromises the neuronal plasticity of bees during ontogenesis. This leads to a reduced brain volume, particularly of the mushroom bodies and optical lobes, in workers, therewith impairing their performance during foraging (Lima et al. 2016) .
The second part of this Special Issue compiles information about (2) collective actions of meliponine colonies, such as colony defense and food exploitation. Mandibular gland pheromones released by workers, and also by males, when biting a potential nest-intruder trigger the collective attack of the enemy (Schorkopf 2016) . Chemical communication is also important to direct groups of foragers toward specific resources. Here, foraging strategies that rely on such goal-directed recruitment usually rely on pheromone marks at and near the exploited food patch. These conspicuous chemical signals are prone to eavesdropping and, thus, may attract competitors. To avoid eavesdroppers, some meliponine species evolved alternative recruitment strategies, guiding large numbers of nestmates to food patches without using a scent trail (Flaig et al. 2016) .
In the third part of our Special Issue, studies are presented that investigate the (3) "Behavioral ecology of foraging" in stingless bees. To maximize the food intake into the nest, colonies need to fine-tune their foraging strategy according to the respective environmental situation, including climatic factors, presence or absence of competitors, identity of competitors, and resource abundance and quality. Of these, climatic conditions, particularly air temperature and rain, constrain the foraging activity of a colony, yet affect different species differently. Thus, some species are able to collect resources under weather conditions that prohibit the activity of others, thereby avoiding interference competition at the food sources. In case that two or more species arrive simultaneously at a food patch, the presence of competitors, their aggressiveness and number might limit a colony's access to this specific resource (Keppner and Jarau 2016) . Here, a high abundance of food sources in the environment allows the colonies to switch to alternative patches, to collect more efficiently, and to return more quickly to the nest (Leonhardt et al. 2016 ). An elevated resource abundance and quality of food sources within the foraging area, moreover, stimulates the colonies to raise their foraging effort, therewith increasing the food intake rate into the nest . Interestingly, and in strict contrast to honey bees, nest-internal food storage conditions influence the colony foraging activity of stingless bees only to a minor extent Schorkopf et al. 2016) . The difference between these two highly eusocial bee taxa is presumably due to differences in brood care (Apini: progressive larval feeding; Meliponini: mass-provisioning of brood cells), emphasizing the fundamental differences between stingless bees and honey bees concerning the proximate mechanisms that evolved to coordinate the observed colony behavior.
Despite the steadily increasing number of scientific studies on stingless bees (Fig. 3) , our knowledge about the Meliponini is still in the shadow of what we know from honey bees. In contrast to A. mellifera, which is considered an environmental generalist, many Meliponini occur in rather narrow geographic ranges (Camargo 2013) , and are frequently restricted to a very specific habitat. Consequently, meliponine species often show a very strong association between their life history and a particular environmental situation. The study of stingless bees, therefore, will certainly help to reach more profound insights into how environmental factors shaped the physiological and behavioral mechanisms underlying the complex colony organization of highly eusocial bees. We very much hope that this special issue will stimulate future research on this fascinating and diverse group of eusocial bees, leading to a deeper understanding of meliponine neuroethology, as well as their sensory and behavioral physiology.
